Laser etching characteristics of the stainless steel corrosion (oxide) films prepared under the nuclear-reactor-water simulated conditions have been revealed. A Q-switched Nd:YAG laser of 12 ns pulse width was used to induce ablation processes. The laser beam was line-focused with a cylindrical lens and irradiated the traveling sample at different laser fluences. The etched surfaces were analyzed with a surface profiler, a scanning electron microscope, and an X-ray photoelectron spectroscope. It has been shown that the oxide films can be efficiently removed with a relatively low energy, 1064-nm laser pulse of 50 mJ (2.3 2.9 J/cm2). No metallic-elements-enriched layers were observed on the laser irradiated surfaces. The effects of the laser wavelength on etching characteristics was also investigated with the 2nd harmonics (532 nm) and the 3rd harmonics (355 nm) laser beams. It has been found that for the unoxidized samples (the bulk surface of the stainless steel) the etching efficiency increases with decreasing the laser wavelength. By contrast, no clear wavelength dependence of the etching efficiency was observed for the oxidized samples, an effect which may be attributed to relatively flat response of the absorption coefficient to the laser wavelength for the oxide films surfaces.
INTRODUCTION
Surface layers of materials can be removed by applying laser ablation processes. Such applications of ablation processes in industry include micromachining, (1) .(2) surface cleaning, (3)-(5) and paint stripping. (6)(') To clean or decontaminate radioactively contaminated materials, surface removing processes are considered to be attractive options because most of such materials are only contaminated in their surface layers. Chemical and electrochemical processes have, so far, been applied to decontamination for nuclear facilities, but large amount of chemical solvents used accumulate as hazardous liquid-phase secondary wastes. The activation of the metal surfaces is another discouraging issue because it leads to rapid recontamination. Although an abrasive jet method has been applied as an alternate decontamination method, (8) but it has disadvantages inducing surface deterioration due to mechanical forces. On the other hand, a laser etching is a method free of the above-cited disadvantages because it is a dry process and no liquid wastes are produced. The secondary waste produced in the laser process is only a trace of ablated particles which can be easily collected by a conventional filtering technique. In addition, the process can be applied not only to metals but also to organic contaminants such as oils and other chemicals. Potential function of surface modification by the laser irradiation is an additional attractive issue which could enhance the resistivity to corrosion and radiation of the cleaned surfaces.
The application of laser process for decontamination is not a new idea, but experimental investigations started rather recently (9) Because there reported few data on the applicability of the process to the real nuclear reactors (light water reactors), we prepared the metal corrosion films under the nuclear-reactor-water-simulated conditions and revealed their etching characteristics by laser ablation process.
EXPERIMENTS
To obtain an efficient ablation process, a high intensity laser beam is required. A pulsed Nd:YAG, an excimer, and a TEA (Transversely-Excited Atmospheric-pressure) CO2 lasers may be candidates. But in the present study, we chose a pulsed Nd:YAG laser because of its compactness, durability, and possible beam delivery through optical fibers. A diagram of the experimental setup is shown in Fig. 1 . A commercial, pulsed-flashlamp pumped, Q-switched Nd:YAG laser (Spectra-Physics As described above, it is evident that the oxygen atoms can be very efficiently removed by the laser irradiation.
But the real contaminants are not the oxygen atoms but the radioactive metallic elements such as 60Co. Because it is known that in some cases, there would occur a selective ablation of the specific elements, we need to check how the metallic elements are removed. are commercially available, the use of which could realize significant enhancement in the processing speed. But we consider that the application with highest potential for this process is "hot spot decontamination", where the processing speed is less important than for large-area decontamination.
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